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ABBREVIATIONS, ACRONYMS, AND SYMBOLS FOR NAVBASE ZONE H

The following abbreviations, acronyms, and units of measurement are used in this report.

AA

ABF

AEC

AL

AOC
AQTESOLV
AST

ASTM

atm

AWQC

BAF
BAP
BDL
BE
BEHP
BEQ
BEST
bgs
BHC
BRA
BRAC

BTEX

CAMP
CAMU
CDD
CDF
CDI
CEC
CERCLA
CF
CFR
CLEAN
CLP
cm/sec
CMI
CMS
CNS
CNSY

Atomic Absorption

Absorption Factor

Area of Ecological Concern

Action Level

Area of Concern

Aquifer Test Solver

Aboveground Storage Tank

American Society for Testing and Materials
Atmospheres

Ambient Water Quality Criteria

Bioaccumulation Factor

Benzo(a)pyrene

Below Detection Limit

Barometric Efficiency
Bis(2-ethylhexyl)phthalate

BAP Equivalent

Building Economic Solutions Together
Below ground surface

Benzene hexachloride

Baseline Risk Assessment

Base Realignment and Closure Act of 1988 and Defense Base Closure and
Realignment Act of 1990, collectively
Benzene, toluene, ethylbenzene, and xylene

Corrective Action Management Plan

Corrective Action Management Unit

Chlorinated dibenzo-p-dioxin

Chlorinated dibenzofuran

Chronic Daily Intake

Cation Exchange Capacity

Comprehensive Environmental Response, Compensation, and Liability Act
Calibration Factor

Code of Federal Regulations

Comprehensive Long-Term Environmental Action Navy
Contract Laboratory Program

Centimeters per second

Corrective Measures Implementation

Corrective Measures Study

Central Nervous System

Charleston Naval Shipyard
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COoC Chemical of Concern

COPC Chemical of Potential Concern

cPAH Carcinogen Polynuclear Aromatic Hydrocarbon

CPSS Chemical Present in Site Samples

CRAVE Carcinogen Risk Assessment Verification Endeavor

CRDL Contract Required Detection Limit

CSAP Comprehensive Sampling and Analysis Plan

CSI Confirmatory Sampling Investigation

CT Central Tendency

DAF Dilution Attenuation Factor

DCAA 2,4-Dichlorophenylacetic acid

DDD Dichlorodiphenyldichloroethane

DDE Dichlorodiphenyldichloroethylene

DDT Dichlorodipheny]-trichloroethane

DNAPL Dense Non-Aqueous Phase Liquid

DQO Data Quality Objectives

DRO Diesel Range Organics

DWEL Drinking Water Equivalent Level

E/A&H EnSafe/Allen & Hoshall

ECAO Environmental Criteria and Assessment Office

ECPC Ecological Chemical of Potential Concern

EMPC Estimated Maximum Possible Concentration

EOD Explosive Ordnance Disposal

EPC Exposure Point Concentration

ERA Ecological Risk Assessment

ESA Ecological Study Area

ESDSOPQAM Environmental Services Division Standard Operating Procedures and Quality
Assurance Manual

ESOD Erythrocyte superoxide dismutase

FC Fraction Contracted

FFI Focused Field Investigation

FI Fraction Ingested

FID Flameionization detector

GC/MS Gas Chromatography/Mass Spectrometry

gpm Gallons per minute

GPS Global Positioning System

GRO Gasoline Range Organics

HASP Health and Safety Plan

HEAST Health Effects Assessment Summary Tables

HHRA Human Health Risk Assessment

HI Hazard Index

HMW High Molecular Weight

HQ Hazard Quotient



HSWA
HTTD

ICM
ICP
ID
IDL
ILCR
ILO
IRIS
IRP
IS

KPH

LCy
LCS
LDs,
LMW
LNAPL

LQAC
LTTD

MCL
MCLG
meq/L
mg/kg
mg/L
mg/m3
ml

mph

msl
MS/MSD

NA
NAD
NAVBASE
NBS
NCEA
NCR

ND
NEESA
NFI

ng/kg
NGVD
NIOSH
NL
NOAEL

Hazardous and Solid Waste Amendments
High-Temperature Thermal Desorption

Interim Corrective Measure

Inductively Coupled Plasma

Inside Diameter

Instrument Detection Limit

Incremental Lifetime Excess Cancer Risk
Indeterminate Lubricating Oil

Integrated Risk Information System
Installation Restoration Program

Internal Standard

Kilometers per hour

Lethal Concentration to 50 percent of test population
Laboratory Control Sample

Lethal Dose to 50 percent of test population

Low Molecular Weight

Light Nonaqueous Phase Liquid

Laboratory QA Coordinator

Low-Temperature Thermal Desorption

Maximum Contaminant Level
Maximum Contaminant Level Goal
Milliequivalent per liter

Milligram per kilogram

Milligram per liter

Milligram per cubic meter

Milliliter

Miles per hour

Mean sea level

Matrix Spike/Matrix Spike Duplicate

Not Applicable

North American Datum

Naval Base Charleston

National Bureau of Standards

National Center for Environmental Assessment
NEESA Contract Representative

Not Detected

Naval Energy and Environmental Support Activity
No Further Investigation

Nanogram per kilogram

National Geodetic Vertical Datum

National Institute for Occupational Safety and Health
Not Listed

No Observed Adverse Effect Level
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NPDES National Pollutant Discharge Elimination System

NR Not Reported

NRC National Research Council

NTP National Toxicology Program

NTU Nephelometric Turbidity Unit

OERR Office of Emergency and Remedial Response
OIA - Other Impacted Area

OSHA Occupational Safety and Health Administration
OSWER Office of Solid Waste and Emergency Response
OVA Organic Vapor Analyzer

PAH Polynuclear Aromatic Hydrocarbon

PCB Polychlorinated biphenyl

PCT Porphyria Cutanea Tarda

PDE Potential Dietary Exposure

PEM Performance Evaluation Mixture

pg/g Picogram per gram

pg/L Picogram per liter

POTW Publicly Owned Treatment Works

ppb Parts per billion

PPE Personal Protective Equipment

ppm Parts per million

ppt Parts per trillion

PRC Preliminary Risk Characterization

PRG Preliminary Remedial Goal

PSA Preliminary Site Assessment

psi Pounds per square inch

PVC Polyvinyl Chloride

QA/QC Quality Assurance/Quality Control
RAGS Risk Assessment Guidance for Superfund
RBC Risk-Based Concentration

RBSL Risk-Based Screening Level

RCRA Resource Conservation and Recovery Act
RDA Recommended Daily Allowance

RFA RCRA Facility Assessment

RfC Reference Concentration

RfD Reference Dose

RFI RCRA Facility Investigation

RGO Remedial Goal Option

RME Reasonable Maximum Exposure

RPD Relative Percent Difference

RRF Relative Response Factor
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RTV

SAA

SC
SCDHEC
SDG

SF

SFF
SMCL

SOUTHDIV

SRL
SSL
SSv
SVE
SVOA
SvoC
SWMU

TCDD
TCE
TD-GS/MS
TD/MS
TDS
TEF
TEQ
TIC
TOC
TPH
TSCA
TTAL
TU

UCL
USEPA
UST
UTL
Uuv
UXO

VOA
VOC

WBZ
WQC

Reference Toxicity Value

Satellite Accumulation Area
South Carolina

South Carolina Department of Health and Environmental Control

Sample Delivery Group

Slope Factor

Site Foraging Factor

Secondary Maximum Contaminant Level
Southern Division Naval Facilities Engineering Command
Significant Risk Level

Soil Screening Levels

Sediment Screening Value

Soil Vapor Extraction

Semivolatile Organic Analysis
Semivolatile Organic Compound

Solid Waste Management Unit

Tetrachlorodibenzo-p-dioxin
Trichloroethene

Thermal Desorption-Gas Chromatography/Mass Spectrometry
Thermal Desorption/Mass Spectrometry
Total Dissolved Solids

Toxic Equivalency Factor

TCDD Equivalency Quotient
Tentatively Identified Compounds

Total Organic Carbon

Total Petroleum Hydrocarbons

Toxic Substances Control Act
Treatment Technique Action Level
Temporary Unit

Upper Confidence Limit

United States Environmental Protection Agency
Underground Storage Tank

Upper Tolerance Limit

Ultraviolet

Unexploded Ordinance

Volatile Organic Analysis
Volatile Organic Compound

Water-Bearing Zone
Water Quality Criteria
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ng/g
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%R
%RSD
%D

2,4-D
2,4-DB
2,4,5-T
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Microgram per square centimeter
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Percent Recovery
Percent Relative Standard Deviation
Percent Difference

2,4-Dichlorophenoxyacetic acid
2,4-Dichlorophenoxybutyric acid
2,4,5-Drichlorophenoxyacetic acid
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EXECUTIVE SUMMARY

The environmental investigation and remediation at Naval Base Charleston are required by the
Hazardous and Solid Waste Amendments portion of the Resource, Conservation and Recovery
Act, Part B permit. For management purposes, Naval Base Charleston has been geographically
divided into 12 investigative "zones" identified as A through L. The following report addresses
the RCRA Facility Investigation for Zone H.

The objective of the investigation is to characterize the nature and extent of contaminants
associated with releases from sites identified as Solid Waste Management Units and Areas of
Concern, evaluate contaminant migration pathways, and to identify both actual and potential
receptors. The goal is to determine the need for Interim Measures or a Corrective Measures

Study.

Fifty-three sites were identified in Zone H through the RFA process. Of the 53 sites, 31 Solid
Waste Management Units and Areas of Concern were identified as needing further assessment
in the RCRA Facility Investigation. The remaining 22 were classified as needing no further
action. The sampling and analysis plan which described the methods to be used for site
characterization was outlined in the Final Zone H RCRA Facility Investigation Work Plan. The
investigation was conducted between August, 1994 and April, 1995. Media sampled included
soil, sediment, groundwater, surface water, and air. This report also incorporates data from
environmental investigations which preceded the RCRA Facility Investigation. The site
assessments were accomplished by comparison of sample results to a combination of background
and risk based screening values. Background was established by non-site related sampling on
a grid basis using an algorithm that decreased sampling frequency by increasing the spatial
distance between points as the distance from individual sites increased. This method allowed
determination of natural background values of inorganics as well as establishing the ubiquity of
certain organics. Compounds or elements which exceeded either background and/or risk based
screening values were retained for further evaluation in accordance with the guidelines

established in the Final Comprehensive Baseline Risk Assessment Work Plan. Areas of Concern



503 and 661 (Unexploded Ordnance and Explosives Storage) have yet to be investigated. These
sites are scheduled for survey by the Navy explosive ordinance disposal teams. The
environmental investigation must take into consideration the health and safety aspects of not only
exposure to contaminants but, also the potential explosion hazards that exist with sites of this

nature. For this reason, no intrusive sampling can be performed until the surveys are complete.

Generally, the baseline risk assessment is divided into two subsections - human health risk and
ecological risk. The baseline risk assessment analyzes the potential adverse effects, on actual
or hypothetical receptors, that could arise from exposures to hazardous substances released from
a site if no remedial actions are taken to mitigate or reduce levels of contaminants present.
Compounds or elements present at concentrations which pose an unacceptable risk or hazard are
identified as either "chemicals of concern" or "ecological chemicals of potential concern". It
should be noted that a chemical of concern with respect to human health may not be an
ecological chemical of potential concern and vice-versa. The value of the risk assessment
process is that it facilitates risk management decisions by providing remedial goal options for
each of the chemicals of concern identified in the various media. Exceedances of remedial goal

options at a site does not necessarily mean that remedial measures will be needed.

The human health risk assessment evaluated two scenarios, hypothetical site worker (industrial
land use) and hypothetical site resident (potential future residential land use). The risk
assessment concluded that under the residential scenario, surface soil may pose an unacceptable
risk/hazard SWMUs 14, 15, 17, 19, 20, 121, 178, and 159 and AOCs 649, 650, 655, 656, 663
(and SWMU 136), 665, 666, 670, and 684 and OIAs GO7, G38, and G80. Shallow groundwater
may pose an unacceptable risk/hazard at SWMUs 9, 13, 14, and 17 and AOCs 656, 653, 655,
663 (and SWMU 136), and 666. Deep groundwater may pose and unacceptable risk/hazard at
SWMUs 9, and 14. Petroleum hydrocarbon contamination of soil exceeds the action level of
100 ppm at SWMUs 13, 14, 17, 19, 121, 178, 159, and AOCs 649, 650, 656, 653, 655, 659,
663 (and SWMU 136), 665, 667 (and SWMU 138), and 666. Risks or hazards have tentatively
been deemed unacceptable if contaminant concentrations resulted in an incremental excess
lifetime cancer risk of 1 x 10+ or a hazard index of 1 was exceeded.
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For purposes of the ecological risk assessment, Zone H was divided into four "subzones" (H-1,
H-2, H-3, and H4) on the basis of habitat type. Subzones H-1 through H-3 are upland areas
and H-4 is a marsh area. A portion of Zone H was excluded from the ecological risk assessment
on the basis that it is heavily industrialized and suitable habitat for ecological receptors is
conspicuously absent. Potential risks for ecological receptors within these subzones were
evaluated for exposure to surface soil, surface water, and sediment at Zone H. Risks associated
with exposure to ecological chemicals of potential concern in surface soil were evaluated for
terrestrial wildlife based on a model that predicts the amount of contaminant exposure via the
diet and incidental ingestion of soil. Comparison of predicted doses for representative wildlife
species with doses representing thresholds for both lethal and sublethal effects is the basis of the
risk evaluation. Risks for soil invertebrates and plants were evaluated based on qualitative
comparisons to literature effects-levels for taxonomic groups similar to those potentially
occurring at Zone H. Risks for aquatic organisms were evaluated by calculating hazard
quotients from benchmark values that are either promulgated or proposed by federal and state

regulatory agencies.

The ecological risk assessment concluded the following for each of the subzones:

H-1 Potential lethal and sublethal effects from inorganics exists for terrestrial wildlife species.
Young herbaceous vegetation is also at risk from elevated metal contamination. A
potential risk to soil infaunal organisms is also predicted due to the presence of

polynuclear aromatic hydrocarbons.

H-2  Potential lethal and sub-lethal effects to Eastern cottontail rabbit exposed to soil metal
concentrations in sub-zone are predicted by the model. Potential sub-lethal effects to
American robin from metals in soil are predicted. Lead, copper, and zinc soil
concentrations detected at sub-zone H-2 may pose a risk to early seedlings and infaunal

invertebrates.
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H-3 Potential lethal and sublethal effects from inorganics exist for terrestrial wildlife species.
A potential risk to infaunal organisms from soil lead and PAH concentrations is
predicted.

H-4 No risks are predicted to aquatic receptors in surface water of Shipyard Creek. Potential
risks to aquatic receptors does exists from sediment contamination in Shipyard Creek.
For both inorganic and organic ecological chemicals of potential concern, hazard quotient

values were above one. Copper and zinc may pose a risk to young herbaceous plants.

The report makes recommendations for inclusion of sites in the Corrective Measures Study.
Residential risk greater than 1E-6 or residential hazard HQ greater than 1.0 for either soil or
groundwater, and significant ecological risk constituted inclusion into the CMS. TPH
concentrations greater than 100 mg/kg also constituted inclusion into the CMS. The final
decision as to which sites will be carried forward into the Corrective Measures Study will be
made by the risk managers which are the State and Federal regulatory agencies. The thresholds
for determining whether or not sites are recommended for the Corrective Measures Study were
conservatively set as contaminant concentrations which result in greater than 1 x 106 excess
incremental lifetime cancer risk to potential future site residents, a hazard index greater than 1,
or concentrations of total petroleum hydrocarbons in excess of 100 parts per million. These
action levels were established by the NAVBASE Charleston BRAC Cleanup Team. Based on
these levels, the following sites have been recommended for inclusion in the CMS: SWMUs 9,
14 (including SWMU 15 and AOCs 670 and 684), 13, 15, 17, 19, 20, 121, 159, and 178; AOCs
649, 650 (including the area of 651), 653, 655, 656, 659, 663 (and SWMU 136), 665, 666, 667
(and SWMU 138); and, the other impacted areas of G07, G38, and G80. AOCs 654, 660, and

662 were recommended for no further action.
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1.0 INTRODUCTION

The environmental investigation and remediation at Naval Base Charleston (NAVBASE) are
required by the Hazardous and Solid Waste Amendments (HSWA) portion of the Resource
Conservation and Recovery Act (RCRA) Part B permit. The purpose of the investigation is to
evaluate the nature and extent of hazardous wastes or constituent, and to identify, develop, and
implement an appropriate corrective measure or measures to protect human health and the
environment. The scope of the RCRA Facility Investigation (RFI) includes the entire
Naval Base, which has been subdivided into zones (Zone A through L) to accelerate the
RFI process. This report for Zone H of NAVBASE, prepared by EnSafe/Allen & Hoshall
(E/A&H), is submitted to satisfy condition II.C.6 of the HSWA portion of the Part B permit.

1.1 NAVBASE Description and Background

Location

NAVBASE is in the city of North Charleston, on the west bank of the Cooper River in
Charleston County, South Carolina (Figure 1.1). This installation consists of two major areas:
an undeveloped dredged materials area on the east bank of the Cooper River on Daniel Island
in Berkeley County, and a developed area on the west bank of the Cooper River (Figure 1.2).
The developed portion of the base is on a peninsula bounded on the west by the Ashley River
and on the east by the Cooper River. Major commands that occupy areas of the base include
Charleston Naval Shipyard, Fleet Ballistic Missile Submarine Training Center, Fleet and
Industrial Supply Center, Fleet and Mine Warfare Training Center, Naval Hospital Charleston,
- and Naval Station (Figure 1.3). NAVBASE also includes the degaussing facility in downtown
Charleston, the Shipboard Electronics System Evaluation Facility on Sullivan’s Island, and the
Naval Station Annex adjacent to the Charleston Air Force Base.

The areas surrounding NAVBASE are "mature urban,” having long been developed with

commercial, industrial, and residential land uses. Commercial areas are primarily west of
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NAVBASE; industrial areas lie primarily to the north of NAVBASE and along the west bank
of Shipyard Creek.

The area west of Shipyard Creek is concentrated with heavy industry, and has been for many
years. Rililways have served the area since the early 1900s. Railways and nearby waterways
have made the area ideal for heavy industry. While ownership has changed from time to time,
the land adjacent to NAVBASE remains dedicated to chemical, fertilizer, oil refining,

metallurgy, and lumber operations.

In contrast, the east bank of the Cooper River is undeveloped with extensiv: wetlands,
particularly along Clouter Creek and Thomas Island. Active dredged r.ateriats .., . ..l areas

are on Naval property between the Cooper River and Clouter Creek.

History

In 1901, the U.S. Navy acquired 2,250 acres near Charleston to build a naval shipyard, and the
first naval officer was assigned duty in early 1902. A work force was organized, the Navy Yard
surveyed, and construction of buildings and a drydock began. The drydock was finished in
1909, along with several other brick buildings and the main power plant, which are still in use
today. With a work force of approximately 300 civilians, the first ship was placed in drydock
and work began on fleet vessels in 1910. World War I brought about an expansion of the yard’s
facilities, land area, and work force. The yard built two gunboats, several subchasers, and tugs
- in addition to performing repairs and other services to the fleet. The future of the shipyard was
uncertain following the war, when employment levels dropped. The year 1933 marked the
beginning of an upsurge at the yard. A larger workload, principally in construction of several
Coast Guard tugs, a Coast Guard cutter, and a Navy gunboat, created the need for more

facilities and a much larger work force.
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Civilian employment peaked in 1943 with almost 26,000 employees divided among three daily
shifts. In 1956, construction began on piers, barracks, and buildings for mine warfare ships and
personnel. Later in the decade, Charleston became a major homeport for combatant ships and
submarines of the U.S. Atlantic Fleet. '

Base Closure

Today, due in part to the end of the cold war and major cuts in defense spending, NAVBASE
is in the process of shutting down operations. In 1993, NAVBASE was added to the list of
bases scheduled for closure under the Defense Base Closure and Realignment Act (BRAC),
which regulates the closure and transition of property to the community. Since the base was
scheduled for closure, operations have been scaled back and environmental cleanup has begun

to make the property available for rédevelopment after closure on April 1, 1996.

1.2  Base Closure Process for Environmental Cleanup
The Installation Restoration Program
In 1980, The Department of Defense established the Installation Restoration Program (IRP) to
investigate and clean up contamination which may have resulted from past operations, storage,
and disposal practices at federal facilities nationwide. The Navy adopted this program, which
has regulatory requirements similar to those developed under the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA). Although federal installations were not
required to comply with this act until it was amended in 1986, the Navy has, in effect, been
.complying with its environmental regulations through participation in the IRP since 1980.

Resource Conservation and Recovery Act

The primary focus of NAVBASE’s environmental cleanup activities fall under RCRA, which
was passed by Congress to control the handling of hazardous materials and wastes, and to set
standards for hazardous waste generation, transportation, treatment, storage, and disposal.
NAVBASE was issued a hazardous waste permit in 1990 in accordance with this act, allowing
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the base to operate within these guidelines. Hazardous materials include substances such as
chemicals, pesticides, petroleum products, and some paints and cleaners the U.S. Environmental
Protection Agency (USEPA) identifies as being potentially harmful to human health or the

environment.

The NAVBASE hazardous waste permit covers the investigation and cleanup of individual sites,
called solid waste management units (SWMUSs) and areas of concern (AOCs), resulting from past
hazardous waste spills. SWMUSs and AOCs are defined in the Part B permit as follows:

o SWMU — "Any unit which has been used for the treatment, storage, or disposal of solid
waste at any time, irrespective of whether the unit is or ever was intended for the
management of solid waste. 7 RCRA-regulated hazardous waste management units are
also solid waste management units. SWMUs include areas that have been contaminated
by routine and systematic releases of hazardous constituents, excluding one-time
accidental spills that are immediately remediated and cannot be linked to solid waste

management activities (e.g., product or process spills)."

o AOC — "Any area having a probable release of a hazardous waste or hazardous
constituent which is not from a solid waste management unit and is determined by the
Regional Administrator to pose a current or potential threat to human health or the
environment. Such areas of concern may require investigations and remedial actions as
required under Section 3005(c)(3) of the Resource Conservation and Recovery Act and
40 CFR §270.32(b)(2) in order to ensure adequate protection of human health and the
environment. "

e

Where appropriate in this document, SWMUs and AOCs are collectively referred to as "sites."
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The investigation and cleanup activities are referred to as "corrective measures.”" The main

steps of the corrective measures process are outlined below.

o RCRA Facility Assessment (RFA) identifies potential or actual contamination releases

through a records review and visual examination of every SWMU and AOC.

o RCRA Facility Investigation (RFI) confirms contamination and determines its nature.
This investigation also examines the extent and rate of any migration, provides a baseline

risk assessment and baseline data for the evaluation of corrective measures.

. During a Corrective Measures Study (CMS), cleanup alternatives for the site are
developed and evaluated. This study also recommends a preferred cleanup option or

corrective measure.

. During Corrective Measures Implementation (CMI), the selected corrective measure is

designed, constructed, operated, maintained, and monitored for performance.

. Interim Corrective Measures (ICMs) are used to stabilize, control, or limit further

releases from a site. Interim measures can be imposed at any point in the process.

1.3  Investigative Zone Delineation

- Due to the size of the base and the level of detail required for investigations, NAVBASE
has been divided into 12 investigative zones, identified as A through L, as shown in Figure 1.4.
The order in which zones will be investigated and cleaned up has been determined in conjunction
with the Restoration Advisory Board and the BEST (Building Economic Solutions Together)
committee (a board authorized by the state to study and report on the best reuse options for the
property being transferred). In 1994, BEST was replaced by the Charleston Naval Complex
Redevelopment Authority, which has authority to establish leases for the transferred property.

1-11
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Zone H is in the southern portion of the peninsula formed by Shipyard Creek and the
Cooper River. The zone is bounded by Hobson Avenue to the north; Shipyard Creek to the
south; Osprey Street, C.B. Lane, and the dredged materials area to the east; and Halsey Street,
Bainbridge Avenue, and property boundaries to the west. Zone H contains properties identified
for transfer to the State Department as well as Naval support activities, training areas, and

administrative areas.

1.4  Current Investigation

Objective

The objectives of the RFI are to characterize the nature and extent of contaminants associated
with releases from SWMUSs and AOCs, evaluate contaminant migration pathways, and to identify
both actual and potential receptors. The ultimate goal is to determine the need for ICMs or a
CMS. This need will be evaluated by conducting a Baseline Risk Assessment (BRA) to assess
the risks posed to human health and the environment by individual sites and/or groups of sites

within a zone.

Scope
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